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Abstract 
Methods to optimize the dismantling of products have been widely explored in the last decades in the scientific literature. In particular, they 
have been developed to improve the ability of products to be dismantled at the design stage (e.g. Design for Dismantling) and also to identify 
the best sequences of dismantling for process planning purposes. Moreover, time for dismantling has often been used as a good proxy to assess 
the easiness of dismantling. However, no standardized method to consistently measure the time for dismantling products or components has 
been proposed. Meanwhile, environmental product policies are worldwide under discussion and development in order to promote the 
improvement of environmental performances of products during their life cycle, including at the end-of-life.  This paper aims at demonstrating 
why a standardized method for measuring time for extracting components out of products is required in order to better address recyclability of 
products in product policies. It also presents main aspects that should be considered in such standardized method. These aspects are illustrated 
on an exemplary case-study: an electronic display. 
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction 
1.1. Recovery of End-of-life products 
Recovery of end-of-life products (in particular Waste 
Electric and Electronic Equipment (WEEE) and end-of-life 
Vehicles, but also airplanes, boats, etc.) has gain a lot in 
interests in the modern societies in the last 20 years. Indeed, it 
is argued that better management of EoL products has the 
potential to heavily contribute to alleviate several acute 
challenges: impacts associated to waste management and to 
production of virgin materials, reduction of costs, and 
reduction of dependency on important key raw materials [1]. 
Several pieces of legislation, in particular at the EU level, 
have been trying to improve the treatment of EoL products 
(e.g. [2-4]). All these pieces of legislation also call for better 
design of the products put on the market so that their recovery 
at end-of-life is more efficient. 
Thanks to all these policies implemented at the EU level 
systems of processes to recover EoL products have strongly 
developed, and better technological and economical 
performances are being achieved [4]. 
1.2. Research in Design for Dismantling 
Many scientists have highlighted the need for improving 
products performances from a dismantlability perspective 
[5;6]. Many methods and tools have been developed to 
improve the disassembly of products, usually adopting two 
different but complimentary approaches:  
x Proposing methods to identify the best dismantling 
sequence for a given product, with possible use in 
recovery process planning (See e.g. [7]); 
x Proposing methods to improve the optimized (full) 
dismantlability of the product (see e.g. [8]), for possible 
use during the design process. 
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1.3. Material efficiency parameters in EU product policies 
Mirroring the calls from waste policies for better design of 
products (see section 1.1), some material efficiency 
parameters have been integrated into various EU product 
policies. For example, several criteria of the voluntary 
schemes EU Ecolabel and EU GPP concern the use of 
recycled materials, improved recyclability through improved 
dismantlability of key components, presence of hazardous 
substances potentially hindering the recycling of materials or 
durability [9]. 
More recently, material efficiency aspects have been 
addressed in various implementing measures of the mandatory 
policy Ecodesign Directive. For example, the one on motors 
requires manufacturers to provide relevant information for 
disassembly, recycling and/or disposal at end-of-life [10].  
However, this type of material efficiency criteria are still in 
their infancy and they need to be further developed, and their 
alignment and synergies in various mandatory and non-
mandatory product policy tools need to be ensured [10]. A 
recurrent problem of the development of material efficiency 
criteria in mandatory policies concern the verifiability of the 
criteria. 
This paper aims at demonstrating why a standard to 
measure the time for extracting key components is needed and 
to demonstrate its feasibility based on the identification of 
several key aspects to be addressed. Section 2 demonstrates 
the need of material efficiency criteria in mandatory policies 
taking an exemplary product. Section 3 identifies key aspects 
to be addressed by the foreseen standard. Section 4 discusses 
possible use of the foreseen standardized method, as a support 
both of policies and of design activities. 
2. Why the manual extraction of key components requires 
standardization? 
In the nineties, research in Design for Recycling of 
Electr(on)ic equipments was mainly orientated towards 
Design for Disassembly, mainly because the recycling 
processes were heavily relying on manual dismantling at that 
time [11]. At the end of the nineties, when the flows of Waste 
Electric and Electronic Equipment (WEEE) to be treated were 
increasing, particularly in Europe due to the preparation of the 
WEEE Directive, there had been a shift from full manual 
dismantling towards more mechanically-based processes [12]. 
Recovery of EoL products is now a system of many different 
processes, including: collection, manual dismantling, 
shredding, material sorting, material recycling [11]. Although 
several types of shredding processes have been developing, 
initial manual dismantling processes of products still exist and 
seem to be irreplaceable many products to efficiently extract 
hazardous or precious components [12; 13]. 
For the example, it was recently demonstrated that EoL 
treatments of LCD-TV are mainly based on manual 
dismantling, including the extraction of: hazardous 
components (LCD screen, Printed Circuit Boards (PCB), 
capacitors and Fluorescent lamps) and some other valuable 
parts (mainly metals and plastics) [13; 14]. However, other 
scenarios including shredding and sorting processes are being 
developed: in this kind of pilot plants, the products are mainly 
treated by shredders in a controlled environment to separate 
mercury and avoid contamination of other parts; shredded 
parts are subsequently mechanically sorted for 
recycling/recovery. Recyclers declared to be able to 
implement before any shredding process minor dismantling 
operations of some key components, when economically 
viable or required by legislation. Although shredding-based 
scenarios seem to be more economically viable than manual-
based scenarios, they also achieve lower recovery rates, in 
particular for precious metals contained in PCB [13, 15] and 
can therefore not be seen as the most ecologically preferable 
scenarios (as discussed e.g. in [5]). It was also demonstrated 
that fully shifting from manual-based scenarios to shredding-
based scenarios could bring important losses of valuable 
materials (e.g. gold, silver, palladium and platinum) [13]. 
An ideal recovery scenario for TV-sets in the future could 
be to systematically and easily (i.e. at low cost) manually 
extract a set of key components (e.g. display screen, Printed 
Circuit Boards (PCB) and even large plastic housing) in the 
initial steps and then to send the remaining fractions to 
shredding and sorting. Such a solution would be both 
economically viable and would increase the recycling of 
valuable resources.  
Based on these results, the European Commission has 
proposed some requirements concerning the extractability of 
these two components in new electronic displays put on the 
market in the scope of context of an implementing Measure of 
the Ecodesign Directive [16]: it is hypothesized that if 
products put on the market respect these requirements, 
recyclers will be able to implement the ideal scenario 
described above and the resource efficiency will hence be 
improved. The requirements propose some maximum 
thresholds for the time to extract these components (e.g. 180 
seconds to extract the PCB). 
If these proposed requirements were included in the 
implementing measures of the mandatory Ecodesign 
Directive, a standard for measuring the time for extracting key 
components would be strongly needed: this will allow the 
repeatability of measurements and reduce uncertainties, hence 
turning possible the use of the method for mandatory policies. 
An implementing measure is defined in the EcoDesign 
Directive (2009/125/EC) as a “quantified and measurable 
ecodesign requirement relating to a particular environmental 
aspect of a product” (Article 2). Moreover, the same Directive 
states that “the implementing measure must specify, in 
particular […] the measurement standards and/or 
measurement methods to be used [and] where available, 
harmonized standards” (Annex VII) [17]. 
3. Key aspects to be addressed in a standardized method 
for measuring the time for extracting components from 
products 
This section aims at presenting several key aspects that 
should be addressed as far as possible in the definition of a 
standardized method for measuring time for extracting 
components from products. These key aspects have been 
found relevant based on the objectives of measurement 
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standards, based on policy needs and based on the analysis of 
current practices of WEEE recovery. 
As for any other measurement standard, it is important that 
it: 
x Sets a well-defined scientific experiment; 
x Establishes a repeatable measurement method so that 
results are similar when the experiment is applied to 
analogous products; 
x Addresses the issue of precision of the measurement. 
To address these challenges, we suggest that the foreseen 
standard states clear definition of terms, defines the needed 
operating conditions including: the measurement area, safety 
requirements, and available tools for extraction (relating when 
possible to available ISO standards). The question whether the 
foreseen standard should also consider (or not) innovative 
fastening techniques and associated tools/machinery to 
remove them (e.g. active disassembly innovative fasteners, as 
reported in [5]) should also be addressed in the foreseen 
standard. The time measurement procedure (addressing in 
particular the time measurement equipment and the accuracy 
of the time measurement) should also be clarified. Moreover, 
we suggest to define in the standard some rules to define the 
ability of the operator in charge of the extraction (using e.g. a 
number of years of experience): this aims at making the 
extraction process as close as possible as real practices. The 
possibility for the manufacturer to provide a trained operator 
for the measurement of the extraction time in the certification 
body premises could also be considered in the standard. 
From an EU policy perspective, it is also important that the 
measurement standard remains simple enough both for 
manufacturers and market authorities, in particular following 
the Article 15 of the EcoDesign Directive that states: “no 
excessive administrative burden shall be imposed on 
manufacturers” [17]. For this objective, the foreseen standard 
will have to define reasonable practices concerning the size of 
the sample products to be analyzed. Moreover, the tolerance 
concerning the measurement will also have to be defined by 
the standard: although most of the characteristics of the 
measurement method will be well established, some limited 
variability may appear because of various aspects: skills of the 
operator; small variation in operating conditions; etc. 
It is also important that the foreseen standard would be in 
line to current WEEE recovery practices. In particular: 
x the extraction process should be limited to only relevant 
components of the product (e.g. containing precious or 
critical materials, containing hazardous substances, of 
large dimension/weight, etc.) and should not aim at 
achieving the full product’s disassembly; 
x the extraction process could use both destructive and non-
destructive operations, with the aim of extracting all 
required components with acceptable costs. 
However, the extraction sequence cannot be defined for all 
products in the foreseen standard. It is hence proposed that, in 
case of verification procedure, an extraction sequence would 
be communicated by each manufacturer for each product (i.e. 
outside of the standard) to the verifier with the objectives 
listed above.  
These aspects are summarized in Table 1. The last column 
(In / Out) states where it is believed the aspects should be 
addressed in priority: “In” means that the aspect should be 
defined in the foreseen standard; “Out” means that it should 
be defined outside of the standard. i.e. as a pre-requisite of the 
application of the standardized method (e.g. in implementing 
measures of the policies or in formal exchanges of 
information between manufacturers and stakeholders): these 
aspects are very much product-specific and can hardly be 
addressed in an standard applicable to all electr(on)ic 
equipments. 
Table 1. Summary of aspects to be defined in the standard. 
Objectives of the 
measurement 
standard 
Aspects In / Out 
General objectives of 
measurement 
standards 
Definitions In 
Operating conditions (e.g. tools) In 
Time measurement procedure In 
Minimum work experience of 
operator 
In 
Avoid excessive 
administrative burden 
Size of the sample In 
Target time /  Out 
 Tolerance for time measurement In 
Close to the WEEE 
recovery practices 
Extraction sequence Out 
Target components Out 
 
Although the extraction sequence cannot be defined in a 
standard for all products, a standard template to facilitate the 
exchange of information between manufacturing and third 
parties (e.g. market authorities, certification bodies, etc.) in 
charge of the application of the standardized method is 
needed. There had been a recent attempt by IEC to establish a 
standard method “to define product information for use by 
recyclers or treatment facilities” [18]. However, this method 
is still too vague and the information needs to be more 
formally presented in order to be used in verification 
procedures for compulsory policies. We therefore argue that a 
template for the sequence should be further defined in the 
foreseen standard. Table 2 proposes a template for the 
communication of the extraction sequence for any type of 
product. It is suggested that the various tasks and operations 
to extract the targeted components should be formalized in a 
chronological order, highlighting for each operation the tools 
used, the type of fastener to be removed, the type of removal 
(destructive VS non-destructive), the extracted component 
and various characteristics of this component (e.g. potential 
hazard, content of precious/critical materials). This sequence 
template is illustrated in the same Table 2 for an exemplary 
LCD-TV, assuming all the PCBs and LCD displays as target 
components. Further information on the extraction sequence 
(including e.g. online video of the process) could also be 
communicated by manufacturers. 
The standard should be developed and agreed between 
standardization bodies, manufacturers, researchers and policy 
authorities, with possible inputs form recyclers. 
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4. Possible use of the standardized method 
When a standardized method will be available, it could be 
used for various purposes. 
4.1. Use for product policy purposes 
If mandatory product policies (such as the Ecodesign 
Directive) define some thresholds for maximum time for 
extracting certain components (e.g. Printed Circuit Boards and 
LCD module for electronic displays), the method will be used 
by public authorities to run some conformity tests on several 
products (Figure 1). For this, in the case that a non-conformity 
is suspected on a product already on the market, or for 
random checks, manufacturers will be requested to 
communicate the extraction sequence to be followed for the 
product under study. If the measured time for extracting 
targeted components is higher than the threshold defined in 
implementing measures, and after verifying this non 
conformity on several products of the same type, the 
authorities could engage, based on the results of the tests, 
some procedures of exclusion of the market for the 
incriminated product. 
 
Fig. 1. Possible use of the standardized method for mandatory product policy 
such as the Ecodesign Directive (test to be carried out by market authorities). 
For voluntary product policies, if thresholds for maximum 
time for extracting key components are defined in EU (e.g. 
via GPP and/or Ecolabel criteria), and in case that a non-
conformity is suspected, the standardized method could be 
used by the competent authority to verify the conformity of 
labelled products. This could be done using the procedure 
described in Figure 2.   
4.2. Use for design purposes 
Manufacturers could also make a profitable use of such a 
standardized method by using it to improve the design of its 
products and to qualify the design options from a recyclability 
/ dismantlability perspectives. During the design process, they 
could test design options using the standardized method and, 
based on the results of the measurement, either initiate 
redesign activities (loop c of Fig. 3), or qualify the design 
options from an extraction perspective (loop d of Fig. 3). 
This could obviously be done using physical prototypes of the 
design options, using the same protocol followed by market 
authorities for products put on the market (see section 4.1).  
 
Fig. 2. Possible use of the standardized method for verification in the context 
of voluntary product policies such as EU GPP and EU Ecolabel (test to be 
carried out by market authorities). 
 
Fig. 3. Possible use of the standardized method for design activities (test to be 
carried out by manufacturers). 
Earlier use during the design process could also be 
implemented using for example the digital mockup: this will  
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Table 2. Example of an extraction sequence to be 
communicated by manufacturers. 
 
be possible when algorithms to simulate the dismantling 
sequence will be developed by CAD / Factory simulator 
software providers. For example, typical time could be 
associated to each extraction operation and the extraction 
process could be simulated (e.g. using factory simulation-type 
software), and hence the time for extraction could be 
calculated. It is foreseen that the latter could be challenging in 
particular for the simulation of destructive dismantling 
operations.  
 
At the time of the market launch, pro-active manufacturers 
could also highlight the excellence of their products by 
declaring the dismantlability performances using the 
standardized method, for example in Type II environmental 
labelling schemes.  They could in particular underline the 
excellent performances of the product compared to regulatory 
objectives (e.g. EU Ecolabel criteria) or compared to 
benchmark values.  
5. Conclusions 
The efficient recycling of EoL products is very important 
for the achievement of resource efficiency targets. The 
efficient recycling cannot be demanded only to recovery 
strategies (‘end-of-pipe’ technologies) but also by fully 
adapting the design of products to the recovery processes. 
Although recovery of waste products is going towards more 
mechanically-based processes, initial manual dismantling 
processes is still widespread and it is an irreplaceable initial 
step for many products to efficiently extract hazardous or 
precious components. Several EU mandatory and voluntary 
product policies aim at improving the environmental 
performances of products, including during the EoL phase. 
This paper demonstrated that the need of a standardized 
method to measure the time for extraction of key components 
from products to better address recyclability of products in 
product policies. It also highlights the main aspects that a 
standardization process should address. Moreover, a proposal 
for one element of the foreseen standard (a template to 
communicate the extraction sequence) is presented. The 
possible uses of this potential standard in various product 
policies and in design activities have been also discussed.  
The standard could also be adapted to support other resource 
efficiency strategies, including for example Design for Repair, 
Design for Upgrade, Design for Re-use and Design for 
Durability. 
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